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Abstract 
5RFNHWV DUH VXEMHFWHG WRYLEUDWLRQVLQYDULRXVRSHUDWLRQDOSKDVHV6RXUFHRIYLEUDWLRQPD\EHGXHWR DLU WXUEXOHQFHSURSHOOHU
QRLVH HQJLQH QRLVH VWDJH VHSDUDWLRQ S\UR LJQLWLRQ UHOHDVHPHFKDQLVP HWF 6RPH RI WKH VHFWLRQV RI URFNHW KRXVHV HOHFWURQLF
HTXLSPHQWV IRU GDWD DFTXLVLWLRQ QDYLJDWLRQSXUSRVHV HWF$Q\ 6WUXFWXUH SRVVHVVLQJPDVV DQG HODVWLFLW\ YLEUDWH XQGHU H[WHUQDO
GLVWXUEDQFHV(OHFWURQLFHTXLSPHQWFDQEHVXEMHFWHGWRPDQ\GLIIHUHQWIRUPVRIYLEUDWLRQRYHUDZLGHUDQJHRIIUHTXHQFLHVDQG
DFFHOHUDWLRQ OHYHOV 9LEUDWLRQ LV XVXDOO\ FRQVLGHUHG WR EH DQ GHWULPHQWDO FRQGLWLRQ DQG FDQ SURGXFH PDQ\ GLIIHUHQW W\SHV RI
IDLOXUHV LQ HOHFWURQLF HTXLSPHQW ,W LV DOZD\VDQ HQGHDYRXU WR DOOHYLDWHRUPLQLPL]HWKHYLEUDWLRQDPSOLWXGHV:LGHYDULHW\RI
VWUXFWXUHV DQG WKHLU FRPSRQHQWV DUH VXVFHSWLEOH WR YLEUDWLRQ DV WKH\ DUH VXEMHFWHG WR WLPH GHSHQGHQW IRUFHV ,I WKH YLEUDWLRQ
DPSOLWXGH RI VWUXFWXUH HVFDODWHV WR WKH XSSHU OHYHOV WKH IDLOXUH RI VWUXFWXUHV WDNHV SODFH 9LEUDWLRQ VXSSUHVVLRQ KDV JUHDWH U
VLJQLILFDQFHIRUDHURVSDFHVWUXFWXUHVZKLFKKRXVHVVRSKLVWLFDWHGHOHFWURQLFHTXLSPHQWVDVWKHKLJKYLEUDWLRQDPSOLWXGHVKLQGHU
WKHSHUIRUPDQFHRIVXFKHTXLSPHQWV,QWKLVVWXG\LWLVGHPRQVWUDWHGWKDW7XQHG0DVV'DPSHUV70'VSODFHGZLWKLQGLYLGXDO
PRGDOWXQLQJVKRZVVDWLVIDFWRU\SHUIRUPDQFHIRU WKHVWUXFWXUHVXEMHFWHGWRZLGHEDQGKDUPRQLFH[FLWDWLRQ WUDQVLHQWRUUDQGRP
H[FLWDWLRQV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,&293
.H\ZRUGV 9LEUDWLRQV7XQHGPDVVGDPSHUPRGHVILQLWHHOHPHQW
1. Introduction  
0DQ\RIWKHVWUXFWXUDOFRPSRQHQWVDWVRPHSRLQWGXULQJWKHLUOLIHWLPHDUHVXEMHFWHGWRPHFKDQLFDOYLEUDWLRQV
7KH\ PXVW WKHUHIRUH EH GHVLJQHG WR ZLWKVWDQG VXFK FRQGLWLRQV ZLWKRXW GDPDJH ,Q WKLV VWXG\ 5RFNHW VWUXFWXUDO
FRPSRQHQWVDUHFRQVLGHUHG5RFNHWVDUHVXEMHFWHGWRYLEUDWLRQLQYDULRXVRSHUDWLRQDOSKDVHVGXHWRDLUWXUEXOHQFH
SURSHOOHUQRLVH HQJLQHQRLVH VWDJH VHSDUDWLRQ S\UR LJQLWLRQ UHOHDVHPHFKDQLVPV HWF0DQ\ authors [1-4] have 


* &RUUHVSRQGLQJ$XWKRU
(PDLOMDLQSFM#\DKRRFRP
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VWXGLHG WKH WXQHGPDVVGDPSHUV IRU YLEUDWLRQ UHGXFWLRQ7KH FRQFHSW RI WXQHGPDVV GDPSHUDOVR FDOOHG YLEUDWLRQ
70' LV H[WHQGHG WR UHDO OLIH VWUXFWXUDO V\VWHP0RGDO WXQLQJ DOJRULWKP LV LPSOHPHQWHG DQG WKH HIIHFWLYHQHVV RI
YLEUDWLRQ70'VIRUYDULRXVW\SHRILQSXWH[FLWDWLRQLVVWXGLHG
2. Concept of Tuned Mass Damper 
6LQXVRLGDO IRUFH DFWLQJ RQPDLQ VSULQJPDVV V\VWHP FDXVHV WKH VWUXFWXUH WR JR LQWR UHVRQDQFH LI WKH IRUFLQJ
IUHTXHQF\HTXDOV WKHQDWXUDO IUHTXHQF\RI WKHPDLQPDVV7KH UHVRQDQFHFDQFDXVHVHYHUHSUREOHPV IRUYLEUDWLQJ
V\VWHPV:KHQDQDEVRUELQJPDVVVSULQJ V\VWHP LV DWWDFKHG WR WKHPDLQPDVV DQG WKH UHVRQDQFH RI WKH 70' LV
WXQHGWRPDWFK WKDWRI WKHPDLQPDVVWKHPRWLRQRI WKHPDLQPDVVLVUHGXFHGWR]HURDWLWVUHVRQDQFH IUHTXHQF\
7KXVWKHHQHUJ\RIWKHPDLQPDVVLVDSSDUHQWO\DEVRUEHGE\WKHWXQHGPDVVGDPSHU7KHPRWLRQRIWKHWXQHGPDVV
GDPSHULVILQLWHDWWKLVUHVRQDQFHIUHTXHQF\HYHQWKRXJKWKHUHLVQRGDPSLQJLQHLWKHURVFLOODWRU7KLVLVEHFDXVHWKH
V\VWHPKDVFKDQJHG IURPD'2)V\VWHP WRD'2)V\VWHPDQGQRZKDV WZRUHVRQDQFH IUHTXHQFLHVQHLWKHURI
ZKLFK HTXDOV WKH RULJLQDO UHVRQDQFH IUHTXHQF\ RI WKHPDLQPDVV DQGDOVR WKH WXQHGPDVV GDPSHU 7KHSUHVHQW
VWXG\IRFXVHVWKHH[WHQGLQJWKHFRQFHSWRIYLEUDWLRQ70'WRUHDOOLIHVWUXFWXUDOV\VWHPV
3. Description of the Structural System 
$SODWHPRXQWHGLQORQJLWXGLQDOGLUHFWLRQRI WKH5RFNHW LVXVHG WRKRXVH WKHRQERDUGHOHFWURQLFSDFNDJHER[
7KLVSODWH LVWHUPHGDVPRXQWLQJSODWH 7KHPRXQWLQJSODWHZLWKHOHFWURQLFSDFNDJHER[ LV VKRZQ LQ)LJ7KH
EDVLFGLPHQVLRQVDQGWKLFNQHVVRIWKHPRXQWLQJSODWHLVVKRZQLQ)LJ7KHPDVVRIWKHPRXQWLQJSODWHZLWK70'
LVNJ7KHZHLJKWRIHOHFWURQLFSDFNDJHER[LVNJ

    
)LJ0RXQWLQJSODWHZLWKHOHFWURQLFSDFNDJHER[   )LJ'LPHQVLRQHGPRXQWLQJSODW
4.  Finite Element Modeling and Free Vibration Characteristics of  Bare Plate 
7KH ILQLWH HOHPHQWPRGHOOLQJ KDV EHHQ FDUULHG RXW XVLQJ 6KHOO HOHPHQWV DYDLODEOH LQ$16<67KH (OHFWURQLF
SDFNDJHPDVV LV OXPSHG DW IDVWHQLQJ ORFDWLRQV7KHPRXQWLQJ SODWH LV IDVWHQHG WR 5RFNHW WKURXJKEUDFNHW7KH
IDVWHQHUORFDWLRQVDUHFRQVLGHUHGIL[HGLQILQLWHHOHPHQWPRGHO)LJVKRZVWKHILQLWHHOHPHQWPHVKDQGERXQGDU\
FRQGLWLRQVRIPRXQWLQJSODWH)UHHYLEUDWLRQDQDO\VLV IRUSODWHXQGHUFRQVLGHUDWLRQFDUULHGRXWXVLQJILQLWHHOHPHQW
PHWKRG7KHILUVWWKUHHPRGHVRIEDUHSODWHDUHVKRZQLQ)LJWR)LJ
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
)LJ)LQLWHHOHPHQWPHVKDQGERXQGDU\FRQGLWLRQV


)LJ0RGH,RIEDUHSODWH)UHTXHQF\ +]
 
)LJ 0RGH,,RIEDUHSODWH)UHTXHQF\ +]
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
)LJ 0RGH,,,RIEDUHSODWH)UHTXHQF\ +]
5. Mode Wise Tuning  
0RGDODQDO\VLV IRU WKHSODWHKDVEHHQFDUULHGRXW $IWHUUHWULHYLQJ WKHFRUUHVSRQGLQJPRGDO IUHTXHQF\ SHDN
DPSOLWXGH SRLQW LV LGHQWLILHG DQG  WKH VWLIIQHVV DQG PDVV RI 70' DUH VHOHFWHG 7KH 70' LV SRVLWLRQHG RQ WKH
LGHQWLILHGSHDNDPSOLWXGHSRLQW6DPHVWHSVDUHUHSHDWHGIRURWKHUPRGHV70'PDVVLVIL[HGIURPWKHFULWHULDRIQRW
WRH[FHHGRIPDVVRI3ODWHZLWKER[DQGDFFRUGLQJO\WKHVWLIIQHVVRI70'LVVHOHFWHGVRDVWRPDWFKZLWKWKH
ILUVWQDWXUDOIUHTXHQF\RISODWH:LWKVLPLODUFULWHULDWKHVHFRQG	WKLUG70'DUHIL[HG
6. Harmonic Response 
$IWHUILUVWPRGHWXQLQJH[FLWDWLRQLVFDUULHGRXWDWILUVWPRGDOSHDNSRLQWDQGKDUPRQLFUHVSRQVHLVVWXGLHGDW
YDULRXVORFDWLRQVRQWKHSODWH&RPSDULVRQEHWZHHQUHVSRQVHRIEDUHSODWHDQGWKDWZLWK70'LVVKRZQLQ)LJ
IRU ORFDWLRQ$$IWHU VHFRQG PRGH WXQLQJ WKH VWUXFWXUHZLWK WZR 70'V LV H[FLWHG DW VHFRQGPRGH SHDN SRLQW
&RPSDULVRQEHWZHHQUHVSRQVHRIEDUHSODWHDQGWKDWZLWK70'DWSRLQW$LVVKRZQLQ)LJ$IWHUWKLUGPRGH
WXQLQJWKHSODWHLVH[FLWHGDWWKLUGPRGHSHDNSRLQW&RPSDULVRQEHWZHHQUHVSRQVHRIEDUHSODWHDQGWKDWZLWK
70'LVVKRZQLQ)LJ0RGHZLVHGLVSODFHPHQWFRPSDULVRQIRUWKUHHPRGHVDUHJLYHQLQ7DEOH,WLVREVHUYHG
IURP WKH7DEOH WKDWDWSRLQW$DQG&WKHUHVSRQVHUHGXFWLRQLQFUHDVHVZKHQ WKHQXPEHURIPRGHV WXQHGDUH
LQFUHDVHG IURP RQH WR WKUHH KRZHYHU WKH SRLQW % DQG ' ZKLFK DUH DZD\ IURP H[FLWDWLRQ SRLQW KDYH RYHUDOO
UHGXFWLRQ*URVVUHGXFWLRQLQWKHUDQJHRI±LVVHHQ
7DEOH+DUPRQLF5HVSRQVH$QDO\VLV5HVXOWV)RU9DULRXV0RGHV7XQLQJ
1XPEHU
RIPRGHV
WXQHG
3HDN'LVSODFHPHQWLQPP
3RLQW±$ 3RLQW%
:LWKRXW70' :LWK70' 5HGXFWLRQLQ
UHVSRQVH
:LWKRXW
70'
:LWK70' 5HGXFWLRQLQ
UHVSRQVH
      
      
      
1XPEHURI
PRGHV
WXQHG
3HDN'LVSODFHPHQWLQPP
3RLQW& 3RLQW±'
:LWKRXW70' :LWK70' 5HGXFWLRQLQ
5HVSRQVH
:LWKRXW70' :LWK70' 5HGXFWLRQLQ
5HVSRQVH
      
      
      
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)LJ0RGH,WXQLQJUHVSRQVHORFDWLRQ±$)LJ0RGH,	,,WXQLQJUHVSRQVHORFDWLRQ±$
   


)LJ0RGH,,,	,,,WXQLQJH[FLWDWLRQSRLQWUHVSRQVHORFDWLRQ±$


7. Time History Response 
+DUPRQLFORDGLQJDVFRQVLGHUHGLQWKHSUHYLRXVVHFWLRQLVQRWDOZD\VWKHFDVHLQVWHDGWLPHGHSHQGHQWWUDQVLHQWV
DUH H[SHULHQFHG RQ WKH VWUXFWXUH KHQFH WKH PHDVXUHG WLPH KLVWRULHV RQ WKH 5RFNHWV URFNHW QRLVH  KDYH EHHQ
FRQVLGHUHGDVLQSXW WR WKHSODWH WLPHGRPDLQDQDO\VLV LVFDUULHGRXW7KH1HZPDUNPHWKRG LVXVHG IRU  WUDQVLHQW
G\QDPLF DQDO\VLV 7KLV PHWKRG XVHV ILQLWH GLIIHUHQFH H[SDQVLRQV LQ WKH WLPH LQWHUYDO ǻW 1HZ PDUN LQWHJUDWLRQ
SDUDPHWHUVXVHGLQWKHDQDO\VLV GD  DUH	UHVSHFWLYHO\7LPHVWHSXVHGIRULQWHJUDWLRQLVVHF$
FRQWLQXRXV WLPHKLVWRU\ LQWKHWLPHUDQJHRIVHF WRVHF KDYHEHHQFRQVLGHUHG 7UDQVLHQWG\QDPLFDQDO\VLV
FDUULHG RXW IRU WKH  WLPH KLVWRU\ VKRZQ LQ )LJ  7KH UHVXOWV IRU WKH LQSXW DUH JLYHQ LQ )LJ 7KH WDEXODU
FRPSDULVRQRIWLPHKLVWRU\SHDNUHVXOWVDUHJLYHQLQ7DEOH,WLVREVHUYHGIURP7DEOHWKDWWKHUHLVUHGXFWLRQLQ
SHDNUHVSRQVH7KHUHVSRQVHSHDNVDWYDULRXVWLPH LQVWDQWVDUH LGHQWLILHGDQG WKHUHVSRQVHVDUHFRPSDUHGZLWKRXW
70'DQGZLWK70'7KHUHVSRQVHUHGXFWLRQLVREVHUYHGIURPWR
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 
)LJ0HDVXUHGWLPHKLVWRU\DFFHOHUDWLRQ)LJ7\SLFDOWLPHKLVWRU\UHVSRQVH

7DEOH&RPSDULVRQRIWLPHKLVWRU\UHVSRQVH

7LPHV 'LVSPP:LWKRXW70' 'LVSPP:LWK70' 5HGXFWLRQLQUHVSRQVH
   
   
   
   
   
   
   
   

8. Power Spectral Density Analysis 
%DVHGRQSUHYLRXVIOLJKWPHDVXUHGWLPHKLVWRU\GDWDVSHFWUXPVDUHGHYHORSHG7KLVLQSXWVSHFWUXP)LJLV
DSSOLHGDWWKH IL[HGSRLQWVRISODWHDQG36'DQDO\VLV LVFDUULHGRXW7KHGLVSODFHPHQWUHVSRQVH36'LVSORWWHG IRU
SODWHZLWKRXW70'DQGZLWK70'DWSRLQW$DQGVKRZQLQ)LJ7DEXODUFRPSDULVRQRI36'UHVSRQVHDWIRXU
PRXQWLQJORFDWLRQVDUHJLYHQLQ7DEOH,WLVREVHUYHGIURP7DEOHWKDWWKHUHLVSHDNUHVSRQVHUHGXFWLRQDWWKHIRXU
PRXQWLQJSRLQWVUDQJLQJIURPWR$VDPHDVXUHWRHYDOXDWHWKHHIIHFWLYHQHVVRI70'VWKHDUHDXQGHU
WKHFXUYHLVHYDOXDWHGDQGWKHVDPHLVVXPPDUL]HGLQ7DEOHIRUWKHSRLQWV$%&	'

7DEOH36'5HVSRQVH
5HVSRQVHSRLQW


'LVSA+]ZLWK70'

'LVSA+]ZLWKRXW70'

5HGXFWLRQLQUHVSRQVH

3RLQW$   
3RLQW% H H 
3RLQW&   
3RLQW'   

7DEOH$UHDXQGHUWKHUHVSRQVHFXUYH

/RFDWLRQ
$UHDLQWHJUDOGLVSA 
5DWLR:LWKRXW70' :LWK70'
3RLQW$ ( ( 
3RLQW% ( ( 
3RLQW& ( ( 
3RLQW' ( ( 

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)LJ,QSXW36'FXUYH  )LJ5HVSRQVH36'SORW

9. Displacement Response of TMDs 
&RQFHSW RI YLEUDWLRQ70' LV EDVHG RQ WKH IDFW WKDW WKH HQHUJ\ RIPDLQPDVV LV DSSDUHQWO\ DEVRUEHG E\ WXQHG
PDVVGDPSHUKHQFHIURPGHVLJQSHUVSHFWLYHLWLVLPSRUWDQWWRVWXG\WKHUHVSRQVHRI70'7KH70'¶VKDUPRQLF
GLVSODFHPHQW UHVSRQVH IRU 70'   DQG  DUH  JLYHQ LQ 7DEOH   ,W LV REVHUYHG IURP 7DEOH   WKDW 70'¶V
UHVSRQVHLVOHVVWKDQWKHRULJLQDOSODWH¶VUHVSRQVH

7DEOH+DUPRQLFUHVSRQVHRI70'
/RFDWLRQ 'LVSODFHPHQWPP
 
 
 

10. Conclusions 
7KHPRGHZLVHWXQLQJRIWKH70'IRUWKUHHPRGHVRIUHDOOLIHVWUXFWXUHKDYHEHHQGRQH,IWKHIUHTXHQF\RI70'
LV WXQHG WR WKH LQGLYLGXDO PRGHV  WKDQ RYHUDOO UHVSRQVH RI WKH SODWH LV UHGXFHG 7KH   UHVSRQVH FRPSDULVRQ LV
SUHVHQWHG WKURXJKJUDSKVDQG WDEOH IRUKDUPRQLF WUDQVLHQW DQG SRZHU VSHFWUDO GHQVLW\ LQSXW7KHUH LV VLJQLILFDQW
UHGXFWLRQLQUHVSRQVHIRUWKUHHW\SHVRIORDGLQJ7KHPDJQLWXGHRIUHVSRQVHUHGXFWLRQGHSHQGVXSRQWKHORFDWLRQRI
SRLQWZLWKUHVSHFW WRH[FLWDWLRQSRLQW70'VSODFHGZLWKLQGLYLGXDOPRGDO WXQLQJVKRZVVDWLVIDFWRU\SHUIRUPDQFH
IRUWKHVWUXFWXUHVXEMHFWHGWRZLGHEDQGKDUPRQLFH[FLWDWLRQWUDQVLHQWRUUDQGRPH[FLWDWLRQV
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